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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an etching monitoring 
device for accurately detecting end point of etching. 

SOLUTION: A light flux from a light source 20 is 
introduced through an optical fiber flux to a wafer 17, and 
the spectral intensity of reflected lights from the wafer 
17 is measured by a spectroscope 23. The spectral intensity 
data measured by the spectroscope 2 3 are converted into 
wave number equal interval data. Also the spectral 
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intensity data converted into the wave number equal 
interval data are put to high fast Fourier transform. Then, 
the peak position of the Fourier transform data is detected 
by a detector 24, and an RF power source 18 is adjusted in 
accordance with the peak position detected by the detector 
24 so that calculated etching amounts can be obtained. 
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(54) MONITORING DEVICE FOR ETCHING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an etching 
monitoring device for accurately detecting end point of 
etching. 

SOLUTION: A light flux from a light source 20 is 
introduced through an optical fiber flux to a wafer 17, and W: 
the spectral intensity of reflected lights from the wafer 17 : M 
is measured by a spectroscope 23. The spectral intensity W- 
data measured by the spectroscope 23 are converted 
into wave number equal interval data. Also the spectral 
intensity data converted into the wave number equal 
interval data are put to high fast Fourier transform. Then, 8* * 
the peak position of the Fourier transform data is * 
detected by a detector 24, and an RF power source 18 is i : ^^:;:;:;:;:;:;:;: :;: 
adjusted in accordance with the peak position detected 
by the detector 24 so that calculated etching amounts can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 . In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In manufacture processes, such as a semi-conductor wafer or a liquid crystal 
glass substrate, this invention supervises etching and relates to the technique of detecting the terminal 
point of this process. 
[0002] 

[Description of the Prior Art] An optical interference method is in one of the approaches which 
supervises etching and generally detects the terminal point in manufacture processes, such as a semi- 
conductor wafer or a liquid crystal glass substrate. 

[0003] Dry etching (reactive ion etching) equipment has the up electrode and lower electrode which 
counter for example, in an etching chamber, opening for letting the flux of light of an etching monitor 
pass to an up electrode is prepared, and a wafer is laid on a lower electrode. Moreover, the reactant gas 
of dry etching is introduced in a chamber through introductory tubing. 

[0004] And if high-frequency power is supplied to the above-mentioned up electrode and a lower 
electrode from RF power source, the plasma which changes from the radical of reactant gas to inter- 
electrode will occur, and etching on the front face of a wafer will advance by the physical impact by this 
radical, the chemical reaction of the matter on the front face of a wafer, and a radical colliding with a 
wafer front face. 

[0005] On the other hand, after the dry etching supervisory equipment which detects the terminal point 
of etching leads the illumination light from the light source to a collimate lens by the optical fiber 
bundle and makes it abbreviation parallel light with a collimate lens, vertical incidence of it is carried 
out to the above-mentioned wafer front face through opening for a monitor, and the flux of light 
reflected on the wafer front face - opening for a monitor - a passage ~ a collimate lens » condensing - 
having - an optical fiber bundle - incidence - it carries out. 

[0006] Furthermore, if led to a spectroscope from an optical fiber bundle, one wave will be separated 
from the wafer reflected light here, and photo electric conversion of the reinforcement will be carried 
out. If the terminal point of etching is detected by the detector based on this electrical signal by which 
photo electric conversion was carried out, on it, the electric power supply from RF power source to the 
above-mentioned up electrode and a lower electrode electrode will be stopped, and etching will be ended 
on it. 

[0007] Next, the signal measured with such etching supervisory equipment and how to search for an 
etching terminal point are explained. 

[0008] Drawing 7 is drawing having shown an example of the wafer cross section under etching. 
[0009] In this example, it sets to the Si substrate 1, and is Si02. Opening which is not covered with a 
mask 2 is etched. If this wafer is illuminated, from three interfaces, the mask front face 3, the mask base 
4, and the opening front face 5, the reflected light will return, respectively and it will interfere mutually. 
It is the reinforcement of the reflected light from a field side II (3) 12 (4) 13 It is referred to as (5). The 
optical-path-length difference of the round trip between field sides delta S12 (3 and 4), delta S23 (4 and 
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5), delta S3 1 (5 and 3), then the reinforcement I of the reflected light 1=11 +12+13 +J1 2+ J23+J3 1 - (1) 

[0010] 

[Equation 1] 

j 12 = 2V11I2COS {z* + <j> 12 j - C2) 



J 2 3 = 2VI2I3COS ^2tc + $23^ — P) 

J 31 = 2VI3I1COS ^2* + *3i j - (4) 



[001 1] It becomes. However, phi is a constant resulting from the phase change produced in the reflection 
in a field side. 

[0012] Each optical-path-length difference deltaS12=2nl dl - (5) deltaS23=2(dl+d2)-2nl dl = 2d - 2- 
2 (nl-l)dl - (6) deltaS3 1=-2 (dl+d2) - (7) it is . (nl : Refractive index of a mask Si02) 
The reinforcement of the reflected light from a field side is determined by the reflection factor of an 
interface, the rate of area of the field side occupied in measuring range, etc. Since the reflection factor of 
an interface (mask base) 4 and an interface (opening front face) 5 is large enough compared with the 
reflection factor of an interface (mask front face) 3, if the rate of area of opening (= numerical aperture) 
is large to about several 10%, the interferent component of interfaces 4 and 5 will become dominant. 
Therefore, the signal measured with etching supervisory equipment comes to be shown in drawing 8 . 
[0013] One period of the signal wave form 7 is the variation delta (deltaS23) of the optical-path-length 
difference deltaS23 (the above-mentioned (6) formula). 

delta(deltaS23) =2deltad2-2(nl-l) deltadl - (8) It is equivalent to being equal to wavelength lambda. 
Therefore, refractive index nl of a mask Etch selectivity R (ratio of the etch rate of = mask and opening) 

R=delta d2 / deltadl - (9) If it is known, it is the variation deltad2 of the etching depth of opening from 
the period T of the signal wave form 7. [0014] 
[Equation 2] 

^2 = 2(R - ni + !) T -(10) 

[0015] It will ask. 

[0016] That is, the detector mentioned above is peak time-of-day tl -t4 of the signal wave form 7. It 
detects serially and asks for the average spacing (time amount of = half period). Furthermore, it asks for 
a period T from the elapsed time and the above-mentioned average spacing from etching initiation to the 
present, and is the variation deltad2 of the etching depth from the above-mentioned (10) formula. It 
obtains. It detects the time of day which reached the regular value as a terminal point 
[0017] 

[Problem(s) to be Solved by the Invention] By the way, there are two technical problems in the approach 
of the conventional terminal point detection mentioned above. 

[0018] When the numerical aperture of a wafer is [ 1st ] small, the interferent component J12 (the 
above-mentioned (2) formula) of the mask section becomes large. Therefore, a signal wave form turns 
into a wave which the interferent component of the above-mentioned opening and the interferent 
component of the mask section superimposed. 

[0019] When both period is near, it becomes very difficult to extract only the interferent component of 
opening, and it becomes impossible to detect an exact terminal point by the approach using the above 
peak time of day. tfii»r^^J^* y^J^t^x. I fiJ\pos J^r^-U^ 

[0020] The variation of the etching depth by which the above-mentioned (10) formula was used and 
calculated [ 2nd ] from the period of a signal wave form when the pattern width of face (wl and w2) of a 
wafer as shown in drawing 7 became below equivalent on the wavelength lambda of a measuring beam 
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may not be in agreement with an actual value. It is supported from the following electromagnetic-field 
analyses. 

[0021] The model used for count is in the condition that the mask pattern which consists of diacid-ized 
silicon (Si02) with a thickness of lOOnm is formed on a silicon Si substrate, and Si of opening is etched 
by plasma etching, as shown in drawing 9 . 

[0022] A mask pattern is a regular intervals spacing [ line breadth and spacing ] simple repeat rectangle 
mold grid, although Si is perpendicularly etched from a front face by plasma etching — here - 
explanation — for convenience - Si02 what is not etched at all ~ carrying out — the complex index of 
refraction of Si - 4.09-0.0441 - j and Si02 A refractive index is considered as 1.5. 
[0023] When vertical incidence of the plane wave with a wavelength of 450nm was carried out from the 
upper part of this wafer, the reflection factor of the component which reflects regularly with a wafer on 
the strength was calculated using the technique called the so-called mode having-consistency method. 
About this mode having-consistency method, that approach is explained to the Yamashita **** editorial 
supervision "the basic analysis method of an electromagnetic wave problem" (edited by Institute of 
Electronics, Information and Communication Engineers, October 30, Showa 62 issue), for example. It 
asked for the relation of the channel depth and the reflection factor on the strength which were formed in 
Si substrate. 

[0024] The count result in the case of being the case where line breadth and spacing are 3 micrometers, 
and 0.6 micrometers became that from which the period of the signal wave form of a reflection factor on 
the strength differs, as shown in drawing 10 (a) and (b), respectively. 

[0025] To a thing with the channel depth fixed when line breadth and spacing are 3 micrometers per on- 
the-strength reflection factor 1 period as about 0.225 micrometers, when line breadth and spacing are 0.6 
micrometers, spacing of spacing of 0.23 micrometers, the 2nd peak, and the 3rd peak of 0.24 
micrometers, the 3rd peak, and the 4th peak is not fixed for spacing of the 1st peak and the 2nd peak 
with 0.26 micrometers. 

[0026] On the other hand, the period of the reflection factor on the strength expected from the above- 
mentioned (3) formula and (6) types is 0.225 micrometers which is the one half of wavelength. 
[0027] Therefore, when the pattern width of face of a wafer is wavelength lambda and below equivalent, 
a certain deflection will arise between the variation of the etching depth calculated using the above- 
mentioned (10) formula, and an actual value. 

[0028] This invention is made in view of the above-mentioned technical problem, and it aims at offering 

the etching supervisory equipment which can detect the terminal point of etching correctly. 

[0029] 

[Means for Solving the Problem] Namely, 1st introductory means by which this invention leads the flux 
of light from the source of the white light; and this source of the white light to a wafer, the spectrum of 
the reflected light from the above-mentioned wafer - with the spectroscope which measures 
reinforcement, and the 2nd introductory means which leads the reflected light from the above-mentioned 
wafer to the above-mentioned spectroscope the spectrum measured with the above-mentioned 
spectroscope - with the 1st conversion means which changes data on the strength into the data of wave 
number regular intervals the spectrum of the above-mentioned wave number regular intervals changed 
with the conversion means of the above 1st - with the 2nd conversion means which carries out the fast 
Fourier transform of the data on the strength It is. characterized by providing a detection means to detect 
the peak location of the data changed with the conversion means of the above 2nd, and a means to 
calculate the amount of etching from the peak location detected with the above-mentioned detection 
means. 

[0030] Moreover, 1st introductory means by which this invention leads the flux of light from the light 
source and this light source to a wafer, The spectroscope which measures the reinforcement of the 
assignment wavelength contained in the reflected light from the above-mentioned wafer, The 2nd 
introductory means which leads the reflected light from the above-mentioned wafer to the above- 
mentioned spectroscope, and a means to calculate the amount of etching from the data on the strength 
measured with the above-mentioned spectroscope, It is characterized by having a means to amend the 
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deflection of the above-mentioned amount of etching for which it depends on the pattern width of face 
of the above-mentioned wafer in a means to calculate the above-mentioned amount of etching. 
[003 1] if it is in the etching supervisory equipment of this invention, the flux of light from the source of 
the white light leads to a wafer - having — the spectrum of the reflected light from this wafer - 
reinforcement is measured with a spectroscope, the spectrum measured with the above-mentioned 
spectroscope — data on the strength are changed into the data of wave number regular intervals by the 
1st conversion means, moreover, the spectrum of the above-mentioned wave number regular intervals 
changed with the conversion means of the above 1st ~ the fast Fourier transform of the data on the 
strength is carried out by the 2nd conversion means. The amount of etching is calculated from the peak 
location where the peak location was detected by the detection means, and the data changed with the 2nd 
conversion means were detected with this detection means. 

[0032] Moreover, if it is in the etching supervisory equipment of this invention, the flux of light from 
the light source is led to a wafer, and the reinforcement of the assignment wavelength contained in the 
reflected light from this wafer is measured with a spectroscope. The amount of etching can be calculated 
from the data on the strength measured with the above-mentioned spectroscope, and the deflection of the 
above-mentioned amount of etching depending on the pattern width of face of the above-mentioned 
wafer is amended. 
[0033] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained 
with reference to a drawing. 

[0034] First, with reference to drawing 1 thru/or drawing 5 , and drawing 7 , the gestalt of 
implementation of the 1st of this invention is explained. 

[0035] The gestalt of this 1st operation measures a thickness absolute value by multi-wavelength 
measurement and the fast Fourier transform (FFT). 

[0036] Drawing 1 is what showed the configuration of the 1st of the gestalt of operation of the etching 
supervisory equipment of this invention, and is drawing having shown an example of supervisory 
equipment which detects the terminal point of dry etching (reactive ion etching) with an optical 
interference method. 

[0037] In drawing 1 , in the etching chamber 1 1, it has the up electrode 12 and the lower electrode 13 
which counter, and the wafer 17 is laid on this lower electrode 13. On the other hand, the opening 14 for 
the monitor for letting the flux of light of an etching monitor pass is formed in the up electrode 12. 
Furthermore, in the etching chamber 1 1, the introductory tubing 15 for introducing the reactant gas of 
dry etching is arranged. 

[0038] The RF power source 18 is connected to the above-mentioned up electrode 12 which carries out 
opposite, and the lower electrode 13. If high-frequency power is supplied to the up electrode 12 and the 
lower electrode 13 according to this RF power source 18, the plasma which changes from the radical of 
reactant gas to inter-electrode will occur. Etching of this wafer 17 front face advances by the physical 
impact by this radical, the chemical reaction of the matter of wafer 17 front face, and a radical colliding 
with wafer 1 7 front face. 

[0039] The etching supervisory equipment which supervises the inside of the above-mentioned etching 
chamber 1 1 is constituted as follows. 

[0040] As the light source 20, using Xe lamp which emits the white light from an ultraviolet region to an 
infrared region, the illumination light from this light source 20 lets the optical fiber bundle 21 made 
from a quartz pass, is led to the collimate lens 22 prepared above the above-mentioned opening 14, and 
is made into abbreviation parallel light here, and vertical incidence is carried out to wafer 17 front face 
through this opening 14. 

[0041] It is condensed with a collimate lens 22 through opening 14, and the flux of light reflected on 
wafer 17 front face is again led to a spectroscope 23 through an optical fiber bundle 21 . A 
polychromator is used, package measurement of the reinforcement of each wavelength of an ultraviolet 
region to an infrared region is carried out by the optoelectric transducer of many channels, and it is 
outputted to this spectroscope 23 as an electrical signal. 
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[0042] The detector 24 which detects the terminal point of etching is connected based on that electrical 
signal at the above-mentioned spectroscope 23, and the RF power source 18 which supplies high- 
frequency power to the above-mentioned up electrode 12 and the lower electrode 13 is connected to this 
detector 24. If the terminal point of etching is detected by the above-mentioned detector 24, the RF 
power source 18 will stop the electric power supply to the up electrode 12 and the lower part 13, and 
will end etching. 

[0043] Next, the wafer sectional view under etching shown in drawing 7 is referred to about the terminal 
point detection approach of etching by the etching supervisory equipment of the gestalt of the 1st 
operation constituted in this way, and it is Si02. Etching of the Si substrate 1 with a mask 2 is explained. 

[0044] Drawing 2 is drawing having shown an example of the spectral reflectance of the wafer under 
etching. 

[0045] The spectral reflectance 27 is changing with wavelength reflecting the optical-path-length 
difference on the front face of a wafer as it was shown in the above-mentioned (1) - (7) type. Each 
interferent components J 12, J23, and J3 1 change periodically to the inverse number of wavelength 
lambda. Therefore, if the Fourier transform of the spectral reflectance 27 is carried out about the inverse 
number of wavelength lambda, the optical -path-length differences delta SI 2, delta S23, and delta S31 of 
each interferent component will be searched for as shown in drawing 3 . 

[0046] The height of each peak is reflecting the amplitude of each interferent component. In this 
example, since the amplitude is large in order of delta S23 and delta S12 and deltaS3 1 has the small 
amplitude, it has not appeared. Mask Si02 Refractive index nl If it is known, the above-mentioned (5) 
formula and (6) types will be used, and it is the etching depth d2 of wafer opening from the value of the 
optical-path-length differences delta S 12 and delta S23. It is obtained. 

[0047] When the spectral reflectance of the wafer under etching is measured periodically and the 
optical-path-length difference is searched for as mentioned above, the property comes to be shown in 
drawing 4 . 

[0048] Time amount is taken along an axis of ordinate, it takes an optical-path-length difference along 
an axis of abscissa, and drawing 4 plots the peak location of an optical-path-length difference. In 
addition, above-mentioned drawing 3 corresponds to the time amount t of drawing 4 . 
[0049] If the etch rate is fixed, an optical-path-length difference will change linearly, as shown in 
drawing 4 . This slope of a line is determined by the etch rate of wafer opening and the mask section. 
[0050] The case where the period of the interferent component J23 of opening and the interferent 
component Jl 2 of the mask section which had become a technical problem with the conventional 
technique mentioned above is near corresponds, when the inclination of both optical-path-length 
differences 29 and 30 is almost equal. However, in this invention, since both absolute value is 
calculated, as shown in drawing 4 , the component of opening and the mask section is clearly separable. 
Thereby, the etching depth of opening can be supervised correctly. 

[0051] Next, monitor actuation of etching by the detector 24 mentioned above is explained with 
reference to the flow chart of drawing 5 . 

[0052] if a monitor is started with etching initiation - first - step SI - a spectroscope 23 - a spectrum - 

- data on the strength are acquired, the spectrum obtained here - data on the strength - the spectrum of 
not only the spectral reflectance of a wafer but the light source - reinforcement, the spectral 
transmittance of an optical fiber bundle, etc. are reflected, then, instead of [ of the processed wafer 17 ] - 

- BEAWEHA - the lower electrode 13 top laying - the spectrum beforehand for proofreading with 
this supervisory equipment - data on the strength are measured, and the spectrum acquired at the above- 
mentioned step SI by step S2 ~ the effect from other than the surface structure of a wafer is removed by 
carrying out division process of the data on the strength by the proofreading data. 

[0053] step S3 ~ the above - a spectrum - data on the strength are interpolated, and it is changed so 
that it may become at equal intervals about the wave number (inverse number of = wavelength). Here, 
linear interpolation extent is enough as interpolation. 

[0054] subsequently, the spectrum with which general pretreatment of removal (the average of = data is 



http ://www4 .ipdl .ncipi .goj p/cgi-bin/tran_web_cgi_ejj e 



7/28/05 



JP,2001-093885,A [DETAILED DESCRIPTION] 



Page 6 of 7 



deducted) of DC component, time windows (Hanning aperture etc.), a zero-point addition, etc. was 
located in a line with the regular-intervals wave number in step S4 — after being given to data on the 
strength, a fast Fourier transform is carried out. 

[0055] At step S5, the peak locations delta S23 and delta S12 of the data changed into the optical-path- 
length difference are detected. When spacing of data is large, interpolation is used together and a more 
exact peak location is called for. In addition, if the rough order of magnitude of the mask thickness 
before etching is known, the initial valve position of each peak can be predicted. Then, compaction of 
detection time and prevention of incorrect peak detection can be aimed at by limiting the detection range 
of a peak location to the near. During etching advance, a peak is looked for near the last peak location. 
[0056] Next, since there is deflection depending on pattern width of face in the etching depth measured 
as mentioned above at step S6, it is amended. That is, it asks for the rate of deflection in an observation 
or simulation beforehand, and the optical-path-length differences delta S23 and delta S 12 are multiplied 
by the multiplier which amends it. In addition, this amendment may be performed to the etching depth 
for which it asks by the following term. 

[0057] And it sets to step S7 and is the etching depth d2 like following the (1 1) type by the above- 
mentioned (5) formula from the above-mentioned optical-path-length differences delta S23 and delta 
S12, and (6) types. It asks. 
[0058] 
[Equation 3] 



[0059] Here, it is the etching depth d2. Etching will be ended if the purpose value is reached. On the 
other hand, if it has not reached, return and a monitor are continued to the above-mentioned step SI . 
[0060] Thus, according to the gestalt of the 1st operation, even if the change rate of the optical-path- 
length difference of opening and the mask section is close, the etching depth of opening can be 
supervised correctly. 

[0061] Furthermore, even if pattern width of face is the wafer of submicron order, the etching depth can 
be supervised correctly and an etching terminal point can be detected correctly. 
[0062] Next, the gestalt of implementation of the 2nd of this invention is explained. 
[0063] The gestalt of this 2nd operation is based on one-wave measurement and periodic amendment. 
[0064] The 2nd configuration of the etching supervisory equipment of the gestalt of operation is the 
same as that of the gestalt of the 1 st operation which is shown in drawing 1 and which was mentioned 
above. However, a spectroscope 23 consists of monochromators, carries out photo electric conversion of 
one wave of specified optical reinforcement, and outputs it as digital data. In this case, the data 
measured during etching become a property as shown in drawing 8 . 

[0065] Next, the etching end point detector approach of the etching supervisory equipment in the gestalt 
of the 2nd operation is explained with reference to the flow chart of drawing 6 . 
[0066] If a monitor is started with etching initiation, in step SI 1, data on the strength [ optical ] will be 
acquired from a spectroscope 23. Subsequently, at step SI 2, those data on the strength [ optical ] are 
referred to the specified what point past, and a peak (maximum and minimum) location is detected. 
[0067] Here, if a new peak appears, it will shift to step S 13 and peak spacing will be updated. Except it, 
it shifts to step SI 4. 

[0068] At step SI 3, average spacing (time amount of = half period) of peak time of day is called for. 
Since there is deflection depending on pattern width of face in this peak spacing as mentioned above, it 
is amended. That is, it asks for the rate of deflection from the observation with the sample which serves 
as simulation by the above-mentioned count, or criteria beforehand, and peak spacing is multiplied by 
the multiplier which amends it. In addition, this amendment may be performed to the variation of the 
etching depth for which it asks by the following term. 

[0069] And in step S 14, the period T of the data from etching initiation to current is called for from the 
elapsed time and the above-mentioned peak spacing from etching initiation to current. It is substituted 
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for the above-mentioned (10) formula, and it is the variation deltad2 of the etching depth. It is obtained. 
Etching will be ended if it has reached the regular value. On the other hand, if it has not reached, it shifts 
to the above-mentioned step S 1 1, and a monitor is continued. 

[0070] Thus, according to the gestalt of the 2nd operation, even when the pattern width of face of a 
wafer has become below equivalent on the wavelength lambda of a measuring beam, the variation of the 
etching depth can be supervised correctly. 

[0071] Furthermore, even if pattern width of face is the wafer of submicron order, the etching depth can 

be supervised correctly and a terminal point can be detected. 

[0072] 

[Effect of the Invention] As mentioned above, according to this invention, the etching supervisory 
equipment which can detect the terminal point of etching correctly can be offered. 

[Translation done.] 
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